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The  3-O-methylquercetin  (3-MQ)  is a ﬂavonoid  aglycone  with important  antioxidant,  antiviral,  and  anti-
cancer  properties.  The  presence  of  3-MQ  in Nicotiana  tabacum  L. trichomes  is well  known  as  the  species’
response  to  environmental  stress  factors.  Although  3-MQ  has  been  synthesized,  its  yield  has  been  low
and  toxic  by-products  are  formed  that  are  difﬁcult  to separate.  The  present  work  reports  the  use  of  a
simple  method  for extracting  and  isolating  3-MQ  from  organic  N. tabacum  trichomes  to  make  it available
in  higher  amounts  and  greater  purity  for biological  tests  or pharmaceutical  applications.  The  inﬂuence
of  some  parameters  related  to plant  variety,  cultivation,  extraction,  and  isolation  on  the  yield  of  this
ﬂavonoid  is herein  reported.  The  highest  3-MQ  yield  was  obtained  using  ethanol  in  the  extraction  withobacco
lternative use of tobacco
a  plant:solvent  ratio  of  1:15  (w/v)  and  30-min  extraction  time.  Isolating  3-MQ  from  the  ethanol  extract
was  successfully  performed  from  the  corresponding  dry  residue  by normal  phase  column  chromatogra-
phy  (CC).  The younger  leaves  of the  Dark  variety,  cultivated  in  vase  and  collected  at  night,  showed  the
highest  3-MQ  yield.  Thus,  the Dark variety,  ethanol  extraction  in  a plant:solvent  ratio  of  1:15 (w/v) for
30  min,  followed  by  CC isolation,  were  the  best  conditions  for obtaining  3-MQ  with  over  90%  purity  and
t  resu
 20160%  yield.  These  excellen
©
. Introduction
The cultivation of tobacco is a well-established culture that has
layed an important role in the economic development of southern
razil. In addition to its traditional use in the production of tobacco-
ased products, its potential for pharmaceutical application has
ecome an interesting alternative. Flavonoids are generally present
s water-soluble glycosides in cell vacuoles, but when present in
he epicuticular wax on the leaf’s surface, ﬂavonoids are nonglyco-
ylated and very often O-methylated (Gould and Lister, 2006).
Trichomes  from Nicotiana sp. excrete ﬂavonoids such as 3-
-methylquercetin (3′,4′,5,7-tetrahydroxy-3-methoxyﬂavone)
3-MQ) (Fig. 1), 3,7-O-dimethylquercetin, and 3,3′-O-
imethylquercetin (Wollenweber and Dörr, 1995; Yang et al.,
960). The majority of quercetin produced by a leaf is conjugated
∗ Corresponding author. Tel.: +55 51 33083602; fax: +55 51 33085437.
E-mail addresses: valquiria.bassani@ufrgs.br, valqui1@gmail.com (V.L. Bassani).
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Open access under CC BY-NC-NDlts  may  be useful  as  an alternative,  promising  use  of  tobacco.
4  The  Authors.  Published  by Elsevier  B.V. 
at R3, either with rutinose as rutin and stored in the mesophyll
or with a methyl group and externalized, possibly as a means of
decreasing the reactivity of the aglycone (glycosylation of ﬂavonols
may render the molecule less reactive toward free radicals in addi-
tion to being more water-soluble, which also facilitates storage).
According to Roda et al. (2003), leaf surface extracts from younger
leaves presented more quercetin than older leaves, indicating a
possible dilution by growth without sufﬁcient new synthesis or its
conversion to a different metabolite.
Flavonols are thought to protect plants against UV-induced
damage, pathogen, and herbivore attack, as well as oxidative
stress, and their accumulation may  be elicited by these stress
factors (Grotewold et al., 1998; Harborne and Williams, 2000;
Shirley, 1996). Based on this information, and knowing that 3-
O-methylquercetin is a main constituent from tobacco trichomes
exudates, this ﬂavonoid isolation from the leaves of tobacco is an
innovative and promising reality.
The therapeutic interest in the 3-O-methylquercetin poten-
tial lies on its several in vitro and in vivo biological activities
Open access under CC BY-NC-ND license.reports, such as anti-inﬂammatory, antioxidant, neuroprotective,
bronchodilatory, vasodilatory, antinociceptive, immunomodula-
tory, antitumor, and antiviral. Among the mechanisms involved, the
inhibition of prostaglandin and phosphodiesterase, inactivation of
 license.
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(Fig. 1. 3-O-Methylquercetin molecular structure.
ree radicals, and inhibition of viral RNA synthesis are highlighted
Carini et al., 2014; Castrillo and Carrasco, 1987; Dok-Go et al.,
003; Hnatyszyn et al., 2004; Ko et al., 2002, 2003, 2004; Küpeli
nd Yesilada, 2007; Okoko and Oruambo, 2009; Rubio et al., 2006;
adhu et al., 2006; Vrijsen et al., 1987).
There is a special interest in the antiviral and antitumor activ-
ties presented by 3-MQ, considering the molecular conformation
nd polarity assigned by the O-methylation. Antiviral studies have
hown that 3-MQ inhibits an earlier stage of viral replication
between 1 and 1.5 h after the infection), reducing the RNA and
iral proteins synthesis (Vanden Berghe et al., 1993; Vlietinck et al.,
986; Vrijsen et al., 1987). The presence of 3-MQ was  also reported
n plant extracts that present in vitro activity against the Herpes
implex Virus (HSV-1), as is the case of a standardized Achyrocline
atureiroides (Lam.) DC. Asteraceae spray dried powder (Bettega
t al., 2004).
Recently, Carini et al. (2014) reported a review on the promis-
ng anticancer activity presented by some ﬂavonoids, including
-MQ, highlighting their cytotoxic/antiproliferative activity against
arious human cancer cell lines (lapatinib sensitive (SK-Br-3)
nd resistant (SK-Br-3-Lap R) breast cancer cells, MCF7 breast
ancer, Hep2 hepatoma cells, HL60-leukemia, A431-epidermoid
arcinoma, HeLa-cervical cancer, SKOV3-ovarian carcinoma, and
OS-hosteosarcoma) and discussing the targets involved in this
ctivity.
Considering the lack of new therapeutically active molecules,
specially for antiviral and anticancer therapies and the potential
f 3-MQ, the aim of this study is the extraction, isolation, and puriﬁ-
ation of the ﬂavonoid 3-MQ from the leaves of Nicotiana tabacum
. (Solanaceae), to obtain this ﬂavonoid in higher quantities either
or biological tests or pharmaceutical applications. Moreover, there
s a strong socioeconomic interest in ﬁnding an alternative use for
obacco, especially if it means ﬁnding a molecule useful in promot-
ng human health. To accomplish this objective, the inﬂuence of the
obacco variety, its main cultivation and extraction parameters on
he yield of 3-MQ were studied.
. Materials and methods
.1.  Plant material
Four  varieties of N. tabacum were cultivated: Dark, Maryland,
irginia 1048 and Virginia 2542. The cultivars are respectively reg-
stered in the Brazilian Cultivar Protection Service of the Brazilian
griculture and Environmental Ministry under numbers 02587,
9894, 06035 and 21095. Tobacco was grown in Santa Cruz
o Sul (RS, Brazil) without the use of pesticides or fertilizers
using only black earth) in either soil or vase (under controlled and Products 55 (2014) 56–62 57
conditions): the seed pellets (>90% germination) were sown in
May  2010 using the ﬂoat system with polystyrene trays over
water containing substrates, and the seedlings were transplanted
in September. The voucher specimen was  deposited at the HAS
herbarium under number ICN 174138 (Fundac¸ ão Zoobotânica do
Rio Grande do Sul, Porto Alegre, RS, Brazil). The leaves were col-
lected from November to October at predetermined hours and
freshly used.
2.2.  Optimization of 3-MQ extraction
Preliminary studies were performed to determine the appropri-
ate solvent for exudates extraction: one entire leaf of the N. tabacum
var. Dark was immersed separately in each of the following sol-
vents, ethanol, acetone, acetonitrile, chloroform, methanol, ethyl
acetate, chloroform:methanol 95:5 (v/v), in a 1:10 plant:solvent
ratio (w/v) for 10 min. The supernatant was separated and the
leaf was  subsequently rinsed two times generating three differ-
ent extracts for each solvent. The solvent was  evaporated under
reduced pressure and the three residues were dissolved and ﬁltered
in methanol for 3-MQ determination. Each solvent was submitted
to extraction three times.
After choosing the solvent and number of subsequent extrac-
tions, other extraction parameters were tested: plant:solvent ratio
and extraction time, at three different levels (1:10, 1:15 and 1:20
plant:solvent ratio; 10 min, 30 min, and 60 min  of extraction time).
The 1:50 plant:solvent ratio (w/v) was also tested for 60 min.
2.3. Inﬂuence of N. tabacum variety, cultivation, and collection of
the  leaves on the 3-MQ yield
Four varieties of N. tabacum were compared, Dark, Maryland,
Virginia 1048 and Virginia 2542, regarding 3-MQ production. The
investigation of the inﬂuence of the cultivation in soil or vase was
carried out for all varieties under the conditions described in Sec-
tion 2.1. The vases were maintained in an agricultural shed with
limited sun exposure. Samples were collected in triplicate for each
variety from either soil or vase at the same time, and 3-MQ extrac-
tion was performed with ethanol at a 1:15 plant:solvent ratio (w/v)
for 30 min. The solvent was  evaporated and the residue was  dis-
solved in methanol to determine 3-MQ concentration by liquid
chromatography (LC).
For  the Dark variety, the inﬂuence of plant characteristics such
as leaf size and harvest time was  also investigated. To determine the
ﬂavonoid concentration over the leaf growth stage, three different
leaf sizes were analyzed, 10 cm,  20 cm,  and 30 cm, approximately. In
addition, the leaves were collected at four different times during the
same day, at 00:00, 08:00, 11:30, and 18:30 h. In all samples (n = 3),
the 3-MQ was  extracted using ethanol at a 1:15 plant:solvent ratio
(w/v) for 30 min. The solvent was removed under reduced pres-
sure and the residue was dissolved in methanol to determine 3-MQ
concentration by LC.
2.4.  Isolation of 3-MQ
The  ethanol extracts from the tobacco leaves produced using
the 1:15 plant:solvent ratio (w/v) for 30 min were ﬁltrated and
dried under reduced pressure and the residue was  weighed and re-
suspended with two 30 mL  aliquots of ethyl acetate. The remaining
water soluble precipitate was  discarded. The ethyl acetate fraction
was evaporated and dried and the residue was weighed. The residue
was then dissolved in 70 mL  of methanol and 3-MQ quantiﬁcation
was performed by LC. The extraction procedure was  repeated six
times. The volume of each methanol solution was reduced to 5 mL
5  Crops and Products 55 (2014) 56–62
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Fig. 2. LC proﬁles of the 3-O-methylquercetin reference substance (a) and the Nico-
tiana tabacum ethanol extracts for the varieties Virginia 2542 (b), Dark (c), Maryland8 L.C. Schwingel et al. / Industrial
o isolate 3-MQ using either preparative thin layer chromatography
r column chromatography.
.4.1.  Preparative thin layer chromatography (TLC)
The residue dissolved in 5 mL  of methanol was applied in silica
el preparative TLC using CHCl3:MeOH (90:10) as mobile phase.
fter elution, the corresponding band (Rf 0.4) was  collected and
our successive extractions were performed: the ﬁrst one with
0 mL  of MeOH and the others with 10 mL  of MeOH. Each sus-
ension was sonicated for 30 min  and ﬁltered through a sintered
lass ﬁlter (porosity grade G4). They were then ﬁltrated through
 0.2 m membrane ﬁlter (Millipore). The solution was concen-
rated for 3-MQ puriﬁcation using column chromatography. This
rocedure was repeated three times.
.4.2. Column chromatography (CC)
3-MQ was isolated using a normal phase system. Each col-
mn was packed with 25 g of silica gel dispersed in chloroform
nd compacted for 24 h. The 5 mL  methanol extract was  uniformly
pplied on top of the silica column. The elution was performed with
0 mL  of CHCl3, 150 mL  of CHCl3:MeOH (98:2, v/v), and 200 mL  of
HCl3:MeOH (95:5, v/v). Ten milliliter aliquots from the last frac-
ion were collected in amber vials with a dripping speed of 30 drops
er minute. This procedure was repeated three times.
3-MQ was characterized by means of LC, mass spectrometry,
nd 1H NMR.
.5.  3-MQ quantitation
Samples  were analyzed by LC based on a report by Schwingel
t al. (2008). Brieﬂy, Shimadzu SCL-10 equipment with a Shi-
adzu LC-10AD pump was used along with a Shim-pack CLC-ODS
M) RP-18 column (5 m,  250 mm × 4 mm i.d.), equipped with an
lltech reﬁllable pre-column. The mobile phase consisted of a
ethanol–water (70:30, v/v) mixture acidiﬁed with 0.1% of tri-
uoracetic acid (TFA), ﬁltered and degassed by suction-ﬁltration
hrough a nylon membrane in isocratic ﬂow. The ﬂow was
.8 mL  min−1, with an injection of 50 L and 0.05 AUFS of sensi-
ivity at 354 nm.  The LC system was operated at room temperature
23 ± 1 ◦C). The LC method was validated according to ICH Steering
ommittee (2005) guidelines (data not shown).
.6. LC–MS analysis
An  LC system Agilent 1200 series (Agilent Technologies, Palo
lto, CA, USA) coupled to triple quadrupole API 5000 mass spec-
rometer (Applied Biosystems/Sciex, Foster City, CA, USA) using
lectrospray ionization interface in negative ionization mode (ESI+)
as used in LC–MS analyses. The software used for spectrometer
ontrol, data acquisition, and data processing was  Analyst 1.4.2
Applied Biosystems/Sciex). Acquisition data were performed in
ultiple reaction monitoring (MRM)  mode. Nitrogen was used as
ebulizer gas, curtain gas, heater gas, and collision gas (psi units).
ollision gas (CAD) was set at 7 psi. Curtain gas was set at 15 psi.
ebulizer gas (GS1) was set at 55 psi. Heater gas pressure and tem-
erature were set at 55 psi and 700 ◦C, respectively. Electrospray
apillary voltage was set at −3.5 kV.
.7. Statistical analysisOne-way  analysis of variance (ANOVA) with Tukey post hoc test
as used for statistical comparison using GraphPad Prism 6. The
evel of signiﬁcance was taken as p < 0.05.(d)  and Virginia 1048 (e) (354 nm).
3. Results and discussion
3.1.  Identiﬁcation of 3-MQ in the N. tabacum trichomes
Several studies have shown that tobacco trichomes excrete
ﬂavonoids, being 3-MQ and other methylated quercetin deriva-
tives, the main ﬂavonoidic constituents in Nicotiana exudates (Roda
et al., 2003; Wollenweber and Dörr, 1995; Yang et al., 1960). Using
this information, a preliminary tobacco extract was obtained by
immersing a tobacco leaf in ethanol in a plant:solvent ratio of 1:10
(w/v) for 10 min. The LC analysis of the extractive solution showed
the presence of a peak with a retention time of seven minutes, simi-
lar to that shown by the reference compound 3-MQ (Extrasynthèse,
France) (Fig. 2).
The  identity of 3-MQ was  also established by analyzing LC–MS
fragmentation patterns (Fig. 3) and 1H NMR. The presence of the
molecular ion 315 (owing to negative ionization) and the M-15
fragment, formed by the loss of the methyl group connected to the
position 3 oxygen of the C ring, is indicative of the monomethy-
lated ﬂavonoid structure. Other important fragments are m/z  273
[M − 43]+ representing the loss of a methyl radical and a carbonyl
group; m/z 153, which shows the A ring dihydroxylation (formed
by a retro-Diels–Alder fragmentation with hydrogen transfer); m/z
137, which shows the B ring dihydroxylation. According to the 1H
NMR  analysis: ı = 7.57 (d, J = 2.02 Hz, H-2′), 6.93 (d, J = 8.59 Hz,  H-5′),
7.47 (dd, J = 8.59 Hz, J = 2.02 Hz, H-6′), 6.22 (d, J = 2.02 Hz, H-6), 6.43
(d, J = 2.02 Hz, H-8), 3.80 (s, O CH3).
The extract was also submitted to hydrolysis to determine
the presence of heterosides. Extreme hydrolysis conditions were
applied (HCl 2 M,  80 ◦C, 4 h) to ensure the total aglycone release.
The 4 min  peak was replaced by a 6 min  peak, indicating the pres-
ence of rutin and its aglycone, quercetin. The identity of these peaks
was obtained by co-elution of the respective reference substances
followed by LC–MS analyses.
The last peak (9 min) presented an identical fragmentation
proﬁle to that of the 3-MQ, indicating that any methylation on
the B ring must be discarded. The hypothesis of O-methylated
derivatives at C5 or C7 of the A ring, resulting, respectively, in 5-O-
methylquercetin (azaleatin) or 7-O-methylquercetin (rhamnetin)
L.C. Schwingel et al. / Industrial Crops and Products 55 (2014) 56–62 59
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annot be ruled out. This molecule was isolated for further identi-
cation, since that was not the focus of our work.
Knowing that nicotine is a characteristic alkaloid of tobacco, the
resence of this substance in the extractive solution was  also inves-
igated. A peak with a 3.8 min  retention time corresponding to that
f the reference substance was detected. The identity of the peak
as also conﬁrmed by an LC–MS analysis.
The elimination of all of these substances became necessary for
solating 3-MQ.
.2.  Optimization of the extraction conditionsThe results obtained in the selection of a suitable solvent are
hown in Table 1. Considering only the ﬁrst extraction, ethanol
resented the highest 3-MQ yield (2.78 ± 0.02 g/g). The use of
he other three solvents, acetone, acetonitrile, and methanol,MS fragmentation proﬁle.
presented similar performance in the 3-MQ extraction (p-
value > 0.05), whereas in the chloroform extraction, 3-MQ
concentrations were under the detection limit. After the third
extraction, ethanol remained the best solvent for 3-MQ extract-
ing 3.64 ± 0.02 g/g, followed by ethyl acetate and a mixture of
CHCl3:MeOH (95:5, v/v). The last ones extracted approximately
2.8 g/g (no signiﬁcant difference between them was  observed).
Moreover, the extraction purpose is to obtain a higher 3-MQ
concentration associated to a reduced number of other tobacco
constituents. In addition to having the highest yield, ethanol was
chosen due to its higher selectivity, reduced toxicity, and lower
cost.To identify the optimal conditions for extraction, three
plant:ethanol proportions were tested at three different times
(n = 3). According to Fig. 4, the highest amount of 3-MQ was
obtained using ethanol either in a 1:15 plant:solvent ratio (w/v)
60 L.C. Schwingel et al. / Industrial Crops and Products 55 (2014) 56–62
Table 1
Extractions of 3-MQ from Nicotiana tabacum (Dark variety) leaves using different solvents.
3-MQ concentration (g/g)
Solvent 1st extraction 2nd extraction 3rd extraction Total
Ethyl acetate 1.54 ± 0.04 0.75 ± 0.05 0.53 ± 0.06 2.82 ± 0.05
Acetone  0.92 ± 0.02 0.46 ± 0.01 0.23 ± 0.01 1.61 ± 0.01
Acetonitrile  0.93 ± 0.03 0.71 ± 0.02 0.41 ± 0.03 2.05 ± 0.03
Ethanol  2.78 ± 0.02 0.66 ± 0.01 0.20 ± 0.04 3.64 ± 0.02
Chloroform:methanol  (9.5:0.5) 2.02 ± 0.06 0.57 ± 0.01 0.20 ± 0.01 2.79 ± 0.03
Chloroform  ND ND ND –
Methanol  0.94 ± 0.03 0.40 ± 0.01 – 1.34 ± 0.02
The drug:solvent proportion was  1:10 and the extraction time was  10 min. The three 3-MQ extractions were made successively for the same leaves. ND = non-detected.
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tends to shift UV absorption properties to shorter wavelengths
so that they typically absorb in the 250–320 nm range. Thus, O-
methylated ﬂavonoids are better able to protect plant leaves fromig. 4. Optimization of the 3-MQ extraction from Dark variety: inﬂuence of
lant:solvent  ratio and extraction time.
or 30 min  (3-MQ yield: 6.64 ± 0.04 g/g) or a 1:10 plant:solvent
atio (w/v) for 60 min  (3-MQ yield: 6.65 ± 0.06 g/g). The 60 min
xtracts presented signiﬁcant number of other substances that
ade ﬂavonoid isolation more difﬁcult. Thus the extract prepared
n 30 min  extraction was chosen since it was more rapid and easier
o purify.
Extraction time had a particular inﬂuence over the 3-MQ yield at
ower plant:solvent ratios. With higher amounts of solvent, extrac-
ion process equilibrium is reached later. There was no statistically
igniﬁcant difference between the 1:10 and 1:20 plant:solvent
atios (w/v) (p-value > 0.05) for a 30-min extraction time. The
:50 plant:solvent ratio (w/v) for 60 min  did not increase 3-MQ
xtraction (5.32 ± 0.06 g/g), demonstrating that the use of higher
mounts of solvent is not necessary.
.3. Analysis of the cultivation and harvest conditions
The preliminary study of tobacco cultivation was  carried out
nder two different conditions, either in soil, exposed to the full
ange of climatic variations, or in vase, protected from extreme cli-
atic variation (medium sun light, temperature from 10 to 25 ◦C).
ig. 5 shows that when tobacco grew in soil, 3-MQ concentration
ncreased in most of the varieties, Maryland, Virginia 1048, and
irginia 2542 (p-value < 0.05). The role of ﬂavonoid in the plant
efense could explain this observation (Gould and Lister, 2006). The
nﬂuence of the soil composition on the 3-MQ yield was  not studied
n our work, but these preliminary results give good perspectives
or further agronomic investigation.
LC analysis revealed that when the extracts were prepared by
he same method, the qualitative chemical proﬁle was similar in
ll four varieties (Fig. 2). Conversely, quantitative analysis (Fig. 5)
howed that the Dark variety presented the highest 3-MQ yield,
ollowed by Virginia 2542.
The  Dark variety also presented a feature that was  markedly
ifferent from the other ones. When cultivated in vase, the amountFig. 5. Inﬂuence of plant variety and cultivation type in 3-O-methylquercetin yield.
of 3-MQ was higher than that observed for the strain cultivated
in soil. We are not yet able to explain this phenomenon, but it
deserves further investigation. When grown in vase, there were no
statistical differences in 3-MQ concentrations among the varieties
(p-value > 0.05), except when compared with the Dark variety (p-
value < 0.05). In soil, the difference was  statistically signiﬁcant only
when compared with the Virginia 2542 variety (p-value < 0.05).
Cultivation conditions (vase or soil) presented no difference for the
Maryland variety (p-value > 0.05).
Harvest  time also matters: at midnight, the plant presented the
highest 3-MQ yield, whereas at 8 a.m., ﬂavonoid concentration
was at its lowest (Fig. 6). The second peak of 3-MQ concentration
occurred at ca. 12 a.m. These results are in agreement with pre-
vious reports that ﬂavonoids/secondary metabolites are known to
ﬂuctuate during the day/night cycle. The ﬂavonoid O-methylationFig. 6. Inﬂuence of the harvest time in 3-O-methylquercetin yield.
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Methylquercetin more selectively inhibits phosphodiesterase subtype 3. PlantaFig. 7. Inﬂuence of leaf size in 3-O-methylquercetin yield.
V-B damage (Gould and Lister, 2006). The differences between
-MQ concentration at different harvest times were statistically
igniﬁcant (p-value < 0.05).
The  results also demonstrate that 3-MQ concentration is
nversely proportional to leaf size (Fig. 7). Roda et al. (2003)
bserved that 3-MQ, quercetin 4′-methyl ether, quercetin 3,5-
imethyl ether, and quercetin 3,7-dimethyl ether extracted from
he leaf surface of Nicotiana attenuata showed a slope of zero con-
idering the ﬂavonoids amount in function of leaf area, suggesting
hat, at an early stage during ontogeny, the trichomes cease further
roduction of these metabolites or that their synthesis equalled
heir loss from the leaf surface.
An important datum is related to 3-MQ concentration in the
lant after the harvest. Concentration decreases 24% after 24 h
nd 34% after 48 h at room temperature without any protection.
onversely, when the leaves were kept in an insulated container
thermal bag), ﬂavonoid loss was much lower: 11% and 19%, respec-
ively. The differences were statistically signiﬁcant (p-value < 0.05)
nd reveal that extraction should be carried out immediately after
ollection. Considering that the extraction method is exceptionally
asy and simple to perform using a non-toxic solvent (ethanol), the
rimary 3-MQ extraction from fresh leaves becomes feasible, even
n small laboratories located close to the tobacco growers.
.4.  3-MQ puriﬁcation and isolation
To purify 3-MQ, the ﬁltered ethanol extract produced by using
he 1:15 plant:solvent ratio (w/v) for 30 min  was evaporated
nd the residue extracted with ethyl acetate. Only residual 3-MQ
emained in the water soluble residue (data not shown). LC analysis
evealed that nicotine and rutin were almost completely eliminated
ith this puriﬁcation procedure. However, one additional step was
ecessary to obtain even purer 3-MQ.
Preparative thin layer chromatography (TLC) and column chro-
atography (CC) were tested for 3-MQ isolation. Both methods
resented good 3-MQ separation when a chloroform:methanol
ixture was used as an eluent. Puriﬁcation using preparative TLC
resented 38% yield in relation to the total 3-MQ present in the pri-
ary extract, whereas the CC yield was 60%, reaching more than
0% purity. Moreover, the column chromatography system allowed
rocessing more concentrated extract in a short time period (data
ot shown). Using the CC method, extraction with ethyl acetate
lso proved to be desirable, albeit not mandatory, which enables
ne step in the process to be cut. Isolation using CC revealed to
e preferable over the preparative TLC for 3-MQ isolation from
obacco ethanol extracts given that this method presented greater and Products 55 (2014) 56–62 61
efﬁciency  and feasibility, two important requirements for indus-
trial production.
When compared to 3-MQ isolation from other plant species,
such as A. satureioides (Lam.) DC. Asteraceae (Schwingel et al., 2008),
the isolation from N. tabacum presents a remarkable advantage: the
ﬂavonoid is present in the leaf exudate, which reduces the number
of isolation steps and increases the yield. With regard to 3-MQ syn-
thesis, the methylation of quercetin or rutin is seen as a reaction
that lacks selectivity concerning the hydroxyls groups bonded to
the ﬂavonoid skeleton. Low yield, toxic by-product formation, and
a difﬁcult separation process that requires puriﬁcation are the pri-
mary impediments to 3-MQ synthesis (Krishnamachari et al., 2004).
This is most likely the reason why  3-O-methylquercetin is avail-
able in small amounts for analysis. When extracting 3-MQ from
N. tabacum exudate, a simple immersion of fresh leaves in ethanol
for 30 min  resulted in a quick, efﬁcient extraction. Moreover, this
method prevents the extraction of many undesirable by-products,
revealing a high level of selectivity in the initial step, which greatly
facilitates the following CC puriﬁcation step.
4. Conclusions
The extraction of 3-O-methylquercetin from fresh organic N.
tabacum leaves was  successfully accomplished using a simple, easy
handling method. The choice of specie variety, cultivation and
extraction conditions proved to be important parameters for 3-MQ
yield. The method’s excellent selectivity enabled 3-MQ puriﬁcation
in only one step (purity >90%). Diverse socioeconomic perspectives
emerge from these ﬁnding regarding an alternative use of tobacco.
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